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The use of aerial vehicles or drones in maritime and port logistics can be transformative. Drones can
potentially be utilized for several logistical activities, such as servicing ships, supporting offshore op-
erations, inspecting, and conducting emergency deliveries. However, there are challenges that need to
be mitigated before they are consistently operational. The greatest problem would be the existence of
highly fragmented and unmatchable rules and regulations that govern the utilization of drones in the
maritime environment. The governing rules and regulations for aviation, maritime and port operations
lack coordination, which makes the drone-maritime integration difficult. This paper attempts to address
this problem by creating a framework for adopting drones in maritime and port logistics. The framework
focuses on dispatching drones for transportation of light-weighted but high value loads between ships
in ports and near the shore destinations. The study used a combination of methods, including reviewing
various regulations, interviewing stakeholders and looking at how drones are utilized in the ports. The
findings identified three problems to solve: drone regulations are not well coordinated, the sectors do not
work well together and there is no practical, standard procedures for operating drones in ports. To tackle
these issues, the author proposes a framework in the basis of five approaches: harmonizing regulations,
creating a digital system for getting permits, standardizing safety and security protocols, ensuring port
environments are ready for drone flights, and coordinating governance for multi modal logistics. This
framework supports port administrators, regulators and logistics operators to adopt sustainable and re-
silient utilization of drones. Deploying drone technology in maritime ports and ship-to-drone operations
can be highly efficient, economical, and highly rewarding logistical solutions..

1. Introduction.

Maritime logistics systems and ports are facing a lot of pres-
sure to respond quickly, reduce delays, be more resilient, and
use technology. In this situation unmanned aerial vehicles or
drones are an innovation for delivering things from ships to the
shore quickly, inspecting things offshore, responding to emer-
gencies, and transferring important documents, medical sup-

plies and spare parts.

Early tests of drones in logistics show that they can reduce
the time it takes to deliver things, make it safer to work in hard-
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to-reach areas, and help ships get serviced more quickly and
efficiently. Even with these benefits, using drones for ship-to-
shore delivery is not common and consistently utilized yet.

The main reason is not about the availability of the technol-
ogy, rather lack of governing rules and regulations that stream-
line both aviation and maritime laws as well as how ports are
run with the adoption of drones. Maritime logistics has estab-
lished rules and laws. However, these rules are not suitable for
drone operations, and often are confusing, restrictive or only
apply to land-based mode of transportation.

As a result, there is a noticeable gap in governance when it
comes to drones operating over the sea, especially when manag-
ing port airspace, keeping vessels safe, and controlling customs
and security come to the picture. Even though there has been
research on the application of drones in logistics, the practice of

E-mail Address:



H.Y. Argaw. / Journal of Maritime Research SPECIAL ISSUE (2026) 127-131 128

building smart ports and aviation governance, there is no or lit-
tle information on how to make drone delivery effectively work
in line with ships on the sea. Most of the research focuses on
delivering loads on land, digitalizing ports or following aviation
rules without visualizing on how all these enhancements work
together seamlessly.

Therefore, a research gap exists when taking connecting
maritime regulation, drone governance, and port operations into
consideration, in such a way that ensures safety and scalability
for ship-to-drone logistical integration.

To address this gap, this paper asks: How can we streamline
maritime, and aviation rules work together for common goals
and elevated results, to achieve scalable and interoperable ship-
to-drone logistics?

The study develops a framework for regulating and oper-
ating drones in maritime environments based on a review of
rules feedback from stakeholders and examples from around
the world. Furthermore, this study contributes to the literature
on logistics and governance of transportation, by proposing a
practical framework for integrating drones into port operations.
The proposed framework supports the modernization of mar-
itime logistics while promoting safety, regulatory compliance,
and interconnectivity.

Figure 1: Ship-to-Drone Logistics Operational Ecosystem.
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Logistical advancements with the adoption of drone opera-
tions into maritime are crucial for the development of modern
ports. Hence, this paper aims to provide an insightful solution
to enable the safe and efficient integration of drone operations
into maritime logistics and port systems. Utilizing drones in
port logistics can bring numerous benefits, including faster de-
livery times, improved safety, minimized cost, and increased
efficiency. Thus, this paper provides a practical and compre-
hensive framework to realize a successful integration of ship-to
drone logistics, especially in the case of time sensitive, high-

value, and light-weight transportation of goods.

The growing importance of drone operations in logistics
highlights the need for practical governance solutions that sup-
port their safe integration into maritime transport, which is highly
relevant to contribute to the advancement of the field in present-
ing a practical framework for integrating drone operations into
existing maritime logistics systems and port management prac-
tices.

2. Literature Review And Research Gap.

Research on maritime logistics and port digitalization has
increasingly highlighted the potential of drones to support a
wide range of port activities, including infrastructure inspec-
tion, surveillance, inventory management, and time-critical ser-
vices to vessels operating in areas that are difficult to access
(Heilig and VoB, 2017; Heilig, Lalla-Ruiz and Vo8, 2017). At
the same time, studies on smart ports have shown that digital
technologies can enhance the efficiency, sustainability, and re-
silience of maritime supply chains by improving operational
visibility and decision-making (Cimino ef al., 2017). In par-
allel, international aviation regulators have developed guidance
for the safe operation of unmanned aerial vehicles (UAVs), with
particular attention to issues such as airspace access, opera-
tional risk, pilot competency, and beyond visual line of sight
(BVLOS) operations (International Civil Aviation Organization
(ICAO), 2015; European Commission, 2019; European Union
Aviation Safety Agency (EASA), 2024).

Although these developments provide an important founda-
tion, they do not fully address the regulatory and operational
requirements of ship-to-drone logistics. Much of the existing
research has concentrated on urban air mobility and last-mile
delivery, while applications involving ports, offshore facilities,
and vessels have received comparatively less attention (Wang
et al., 2023). Likewise, studies examining UAV regulation have
tended to focus on civil aviation requirements, with limited con-
sideration of how these interact with maritime law, port gover-
nance, and vessel operations (International Civil Aviation Or-
ganization (ICAO), 2015; European Commission, 2019; Inter-
national Maritime Organization (IMO), 1974; United Nations,
1982). Research on smart ports has also acknowledged drones
as an emerging technology, but relatively few studies have ex-
amined the institutional, legal, and operational arrangements
needed to support their routine use in maritime environments
(Heilig, Lalla-Ruiz and Vo8, 2017; Cimino et al., 2017).

Taken together, the existing literature suggests that an inte-
grated perspective on maritime law, UAV regulation, and port
governance is still lacking. This paper seeks to address that
need by presenting a practical framework to guide the integra-
tion of drone operations into maritime port logistics in a way
that reflects both regulatory requirements and operational reali-
ties.

3. Methodology.

This study adopts an exploratory mixed-methods design to
examine the legal, institutional, and operational conditions re-
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quired for the integration of ship-to-drone logistics in maritime-
port environments. The research is framework-oriented and
combines three complementary evidence streams: (1) compar-
ative regulatory review, (2) stakeholder evidence, and (3) in-
ternational case evidence. This design was selected because
ship-to-drone logistics remains an emerging field in which reg-
ulatory arrangements are fragmented, empirical deployment re-
mains limited, and relevant insights are distributed across pol-
icy, operational, and institutional domains.

The study reviewed 18 regulatory instruments, each of drone
and maritime laws, from eight jurisdictions. Semi-structured
interviews were conducted with 12 experts, collated from Avi-
ation, drone projects, port administrators and SC researchers.
Four international port case studies were examined — Dubali,
Port of Antwerp, Port of Rotterdam and Singapore.

A. Comparative Regulatory Review.

A purposive comparative review was conducted within the
relevant jurisdictions of Africa and the Middle East, based on
their significance and the level of development of their UAV
regulations. The relevant jurisdictions were chosen based on
three major factors: (i) strategic importance in terms of mar-
itime logistics and ports, (ii) having UAV regulatory framework
and drone policies in place, or (iii) relevance to smart ports.
Four main aspects have been analysed during the process: (a)
UAV authorizations and licenses, (b) BVLOS or riskier flights,
(c) organizations that influence the implementation of drones
in maritime transport, and (d) capacity of current regulations to
accommodate ship-based missions.

B. Stakeholder Evidence.

As a complement to the regulatory assessment, aggregate
evidence gathered from stakeholders through semi-structured
interviews related to civil aviation, port management, maritime
regulation, logistics management, and UAV service delivery
was used. The stakeholder evidence is related to operational
challenges, approval challenges, safety challenges, agency co-
ordination problems, and feasibility issues. Owing to the ex-
ploratory nature of the research, in addition to ensuring com-
pactness of the conference paper and maintaining double blind-
ness, the stakeholder evidence is presented thematically.

C. International Case Evidence.

Again, there was a narrow review of international imple-
mentations and governance of drones within the ports sector.
This was done with the intention of identifying the factors that
facilitate such a system, operational issues, and governance chal-
lenges that are common to ship to drone operations. This is an
analytical use of the cases where there is focus on the lessons
from the implementation process of the drones for future pur-
poses, rather than a description of the whole case.

D. Analytical Approach.

Findings from the three streams of evidence were synthe-
sized via thematic synthesis and cross-source triangulation, whe-
reby consistent themes emerged from the regulatory, stakeholder
and international implementation perspectives and were then

classified into categories of governance challenges and facilita-
tors. Such an approach helped create a five-pillar framework for
maritime-port governance that is based on convergent findings
within the three streams of evidence. Thus, it should be noted
that the resulting framework is not meant to be used only in
a particular jurisdiction, but rather as an adaptable governance
structure.

4. Findings And Analysis.

Three major findings emerged from the comparative and
thematic analysis.

A. Maritime Governance Is More Mature Than UAV Gov-
ernance.

In the context that has been examined, maritime regulations
are characterized by relative stability and international consis-
tency due to existing conventions and established practices. On
the other hand, regulation of UAVs is characterized by incon-
sistency, fragmentation, and orientation towards control as op-
posed to enabling activities. This situation presents challenges
to the use of drones in the maritime environment, especially
when it comes to port areas.

B. Institutional Fragmentation Is the Main Deployment
Bottleneck.

The biggest challenge in each case is not the capacity of the
aircraft itself, but rather the lack of unified authority. The lo-
gistics involved in ship-to-drone transport would usually entail
coordination between civil aviation authorities, port authorities,
maritime regulation bodies, and even security agents in some
instances. In many situations, there is no single body responsi-
ble for this process from end to end.

C. Operational Feasibility Exists, but Port-Specific Stan-
dards Are Missing.

According to the reviewed foreign practice, it can be stated
that ship-to-drone logistics is technically possible to implement
within the framework of tight control measures. There are four
factors which allow successful implementation of such an in-
novative approach: operational zones, coordination of manage-
ment, safety measures, and infrastructure preparedness. The
mentioned aspects are faced with the following potential threats:
crowded space above the port, communication problems, weather
conditions, cyber security issues, and special cargo environ-
ment hazards.

5. Unified Regulatory And Operational Framework.

Based on the findings, this paper proposes a five-pillar uni-
fied framework for ship-to-drone logistics.

A. Regulatory Harmonization.

Maritime-related UAV rules need to be introduced into na-
tional and regional regimes, with standardization of definitions
of ship-source and ship-destination activities; more clarity on
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Table 1: Comparative regulatory gaps affecting ship-to-drone

logistics.

Dimension

Current Si ion in

Many Jurisdictions

Operational Impact on
Ship-to-Drone Logistics

UAV licensing
and
authorization

UAV rules exist but are
often general and non-
maritime specific

No clear treatment of
vessel-interface operations

Delays in approvals and
uncertainty for ship-
origin/ship-destination
missions

BVLOS
permissions

Frequently restricted,
case-by-case, or poorly

defined

Limited legal basis for
offshore or anchorage
operations

Difficult to scale beyond pilot
projects

Port airspace
coordination

Aviation and port control
systems often operate
separately

No integrated port-UAV
operational corridor

Increases risk of conflict with
port traffic and vessel
movement

Institutional
governance

involved (aviation, port,
maritime, security)

No single lead authority for
approvals

. Maritime rules are " . . Ambiguity over
l\r[n‘l(lm.e !e.gﬂl mature, but rarely linked Weak legal m‘:eropernbllﬂy responsibility, liability, and
compatibility to UAV provisions at the sea—air interface safoty oversight
Multiple authorities

Fragmented decision-making
and slow operationalization

Infrastructure
readiness

Limited drone-specific
port facilities

Lack of designated
launch/recovery and

Reduced safety, efficiency,
and routine feasibility

delivery interfaces

Source: Authors.

BVLOS in port and coastal areas; and means of mutual recog-
nition of operator qualifications when appropriate.

B. Digital Single-Window Permitting

The concept of a digital single window system would en-
sure that flight plans, technical details, insurance, payloads, and
emergency procedures can be submitted through one stream-
lined process and reviewed simultaneously by aviation, ports,
and maritime officials.

C. Standardized safety and Security Protocols.

Ship-to-drone operations require port-specific risk assess-
ment, communication-loss procedures, cyber-resilience controls,
emergency recovery planning, and additional safeguards for haz-
ardous, restricted, or high-traffic environments.

D. Drone-Ready Port Infrastructure.

The ports need to progressively have designated launch and
recovery zones, secure operational paths, delivery points com-
patible with vessels, charging facilities, geofencing systems,
and integration of data with the port community system or un-
manned traffic management systems.

E. Coordinated Institutional Governance.

The inter-agency coordination framework must link civil
aviation, maritime agencies, port operators, and relevant secu-
rity partners. Regulatory sandboxes and piloting environments
can aid in the development of rules based on evidence, while
simultaneously mitigating any operational risks.

These five pillars will turn disparate compliance frameworks
into an interoperable governance framework for maritime drone
logistics.

Table 2: Key barriers and corresponding framework responses.

Identified Barrier Observed Effect Framework Response Expected Outcome
Fragmented UAV [nconsistent Regulatory Clearer legal pathways for
authorization and legal
regulations = harmonization maritime drone operations

uncertaint

Digital single-window
permitting +
coordinated governance

Weak inter-agency
coordination

Slow approvals and
duplicated processes

Faster, more predictable
approvals

Unsafe or non-
repeatable deployment
conditions

Absence of port-specific
operating standards

Standardized safety and
security protocols

Safer and more replicable
operations

Operational
inefficiency and
landing/recovery

constraints

Limited port infrastructure
for drones

Improved operational
readiness and reliability

Drone-ready port
infrastructure

Regulatory sandboxes

Pilots remain isolated and phased
L .

and non-scalable

Lack of pilot-to-policy
transition mechanisms

Easier sealing from trials to
routine operations

Source: Authors.

Table 3: Illustrative implementation lessons.

Example Context Iustrative Lesson for the Paper

Singapore shore-to-ship Predefined aerial corridors and controlled port

drone trials environments improve feasibility
Port drone network BVLOS operations become practical when
deployments command-and-control systems are integrated

Port security/inspection
drone use cases

Institutional buy-in increases when drones are
linked to measurable operational value

Source: Authors.

6. Discussion.

As such, the results show that the critical issue in ship-
to-drone logistics operations is not so much technical feasi-
bility but governance interoperability. The research therefore
presents a new policy and management agenda that shifts focus
from the mere authorization of UAVs to regulation, coordina-
tion, and standardization efforts.

To the policy makers, the framework presents a clear path
toward achieving a balance between innovation and safety / se-
curity without increasing uncertainties. To the port authorities,
it represents a practical guide for achieving readiness in stages
starting with pilot corridors and maturing into full-fledged in-
frastructure and permitting. To logistics operators and service
providers, the framework outlines the governance requirements
for predictable commercial deployment.

The framework is particularly useful to nascent and devel-
oping maritime economies that have an increasing interest in
smart ports and logistics. Unlike previous studies that primarily
focus on UAV regulation or smart ports independently, the pro-
posed framework integrates aviation, maritime, and port gover-
nance within a single operational model.

Conclusions.

The findings indicate that fragmented governance across
aviation regulation, maritime law, and port administration re-
mains one of the main barriers to the implementation of ship-
to-drone logistics. Although maritime governance frameworks
are generally well established, existing UAV regulations are of-
ten not designed to accommodate operations involving vessels
as points of departure or destination.
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In response to this challenge, the paper proposes a unified
regulatory and operational framework built around five inter-
connected pillars. The framework brings together the legal, in-
stitutional, operational, and infrastructure requirements neces-
sary to support the integration of drone operations into maritime
logistics. In doing so, it contributes to the literature by linking
aviation regulation, maritime governance, and port operations
within a single practical framework.

Given the scope of this conference paper, the research is in-
tended as an exploratory conceptual contribution rather than a
fully validated implementation model. The proposed frame-
work has not yet been empirically evaluated across multiple
ports or tested under real-world operational conditions. Con-
sequently, it should be regarded as a structured foundation for
future investigation. Subsequent research could strengthen and
refine the framework through expert Delphi studies, pilot imple-
mentations in port environments, and comparative assessments
across different regulatory and institutional contexts.
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